ABSTRACT The discovery of Aedes albopictus Skuse infestation in Texas in 1985 and subsequent global spread of this mosquito have spawned a large number of publications worldwide. The unique discovery in this episode was used tire trade as mechanism by which this exotic mosquito was introduced to the United States. While most researchers have focused their attention primarily on recent events and scientiÞc progress, far fewer examined in depth early contributions made in the United States still very much relevant for contemporary discussion and other important subjects associated with its infestation. The Þrst part of this review covers early background histories of research on Ae. albopictus in the institutions in the United States and of introduction of Ae. albopictus and Ae. aegypti to the U.S. territories in the eastern PaciÞc as well as dengue outbreaks therein. The second part covers evolution of recognition of the importance of tire as breeding site of domesticated or peridomestic dengue vectors and of its transport in the dispersal of these mosquitoes. In the third part, the signiÞcance of vector-borne viral disease outbreak potential of Ae. albopictus and Ae. aegypti in temperate regions and a variety of problems concerning vector spread and commercial practices learned in the past are reassessed in the context of contemporary research. I further identiÞed as byproducts of this review two potentially important epidemiological mechanisms in the transmission of dengue in temperate regions, increasing tendency of indoor activity of Ae. albopictus and massive human movement associated with unpredictable political development.
The discovery of an Aedes albopictus Skuse infestation in Texas in 1985 (Sprenger and Wuithiranyagool 1986) and quick spread thereafter in the continental part of the United States and elsewhere spawned a huge number of research papers worldwide. Equally important was the unexpected realization that, as a result of modern commercial practices, the used tire trade plays a role in inadvertently spreading exotic mosquitoes (Hawley et al. 1987, Reiter and Sprenger 1987) . In 2001, transportation of this mosquito to California in "Lucky Bamboo" imported from China and other parts of Asia resulted in infestation, causing a serious public health concern once again (Linthicum et al. 2003) . Introduction of Ae. albopictus to California was again reported more recently in September 2011 (San Gabriel Valley Mosquito & Vector Control District 2011) . These episodes reminded us of the need for a constant vigilance against unexpected means of inadvertent introduction of exotic mosquitoes.
In response to these events, the following six questions were raised: 1) What kinds of research on Ae. albopictus had been conducted in the United States before the discovery of infestation in 1985?; 2) Was there an earlier, documented history of introduction of Ae. albopictus to the U.S. territories?; 3) When and how was the importance of tire in the breeding and dispersal of mosquitoes recognized?; 4) Did introduction of exotic mosquitoes by means of used tire trade suddenly emerge as a new public health issue?; 5) Does a possibility of vector-borne disease outbreaks by Ae. albopictus exist in temperate region of the United States and elsewhere in the world?; and 6) Is there a need for reexamining the past and current quarantine practices for preventing or minimizing further introduction of exotic vectors? Accordingly, this review is designed Þrst to draw attention to the earlier contributions and consists of early research conducted in the United States using strains of Ae. albopictus and four clusters of topics intertwined in early history between two dengue vectors, Ae. albopictus and Ae. aegypti: 1) history of invasion of dengue vectors to Hawaii and the U.S. territories in the PaciÞc as well as dengue outbreaks therein, 2) recognition of tires as a source of larval breeding and evolution of public health concern over the used tire trade, 3) disease outbreak potential of Ae. albopictus and Ae. aegypti in temperate regions, and 4) problems of quarantine practices.
Literature Coverage and Terms
Literature Coverage. For the histories of Ae. albopictus research in the United States, of introduction of Ae. aegypti and Ae. albopictus to the eastern PaciÞc and Hawaii as well as of dengue outbreaks therein and quarantine problems, only the documents published in the United States between 1903 and 1976 are covered. For the topics related to tire, vector transport, and tire trade, references published anywhere in the world before 1985 are used, although the majority of the references were published in the United States. For outbreak potential of Ae. albopictus and Ae. aegypti in temperate regions, relevant references available in the literature were retrieved without consideration of geographic boundary. Most of those references were published before 1977, but a small number of more recent references were nonetheless included to enrich discussion, to stress the signiÞcance of old records or to highlight the relevance of old studies in current research. This review is designed as much as possible not to overlap but to complement excellent reviews on various subjects of Ae. albopictus published earlier (Ho et al. 1973 , Hawley 1988 , Mitchell 1991 , Rai 1991 , Reiter 1998 , Moore 1999 , Gratz 2004 , Juliano and Lounibos 2005 , Benedict et al. 2007 , Lounibos 2007 .
Terms. In accordance with the suggestion of Service (1997) , the word "introduction" refers to transportation of mosquitoes in association with human activities (such as commercial trade and human travel) to a new location whether or not established infestation ensued as a result of introduction. The word "importation" is used exclusively to denote intentional transfer of colonized mosquitoes from foreign countries to the United States purely for research purposes, with approval of the U.S. Public Health Service. No attempt was made to distinguish "dispersal" and "invasion" used by the authors of the original documents; in many references cited these terms were often used more or less synonymously without a deÞnition, despite a subtle difference in usage among some authors. "Elimination," instead of "eradication," is used to denote disappearance of a vector from a deÞned geographic area as a result of human action. "Microhabitat" refers to any larval breeding container, following its usage by Hawley (1988) .
Laboratory and Field Research Using
Ae. albopictus Strains Skuse (1894) is credited to be the Þrst to scientifically describe Ae. albopictus Skuse that he originally recorded as Culex albopictus Skuse. However, Clara S. Ludlow of the United States, who was to be admitted shortly as the Þrst female member to the American Society of Tropical Medicine, was not much behind in describing this mosquito. Not knowing the publication of Skuse in India and using the specimens sent from Samar Island of the Philippines, she described it independently in 1903 as Stegomyia scutellaris variety samarensis (Ludlow 1903) .
Laboratory Strains. The domestic strains of Ae. albopictus used in laboratory investigations were from Hawaii (Bonnett 1950 , Tesh and Gubler 1975 , Tesh et al. 1976 . As for foreign strains, it was James S. Simmons, a major Þgure in the development of tropical medicine in the military and academia in the United States, who imported a strain for the Þrst time in 1933 from the Philippines. In all, the foreign strains imported with a permit of the U.S. Public Health Service derived from India, Indonesia, Japan, Mauritius, Philippines, Singapore, South PaciÞc, Taiwan, and Vietnam (Ali and Rozeboom 1971a , Kartman 1953 , Milzer 1942 , Moore and Fisher 1969 , Smith and Hartberg 1974 , Simmons et al. 1936 , Trager 1942 , University of Notre Dame 1961 , Weathersby 1962b .
Kinds of Laboratory Research Subjects Using Ae. albopictus Strains. With a serious concern of yellow fever (YF) spread from the Americas to Asia after the completion of the Panama Canal in 1914, the initial interest of the United States in Ae. albopictus was in its potential role in YF transmission. This concern arose after two cases of YF (including one shipboard case in the harbor), which occurred in 1910 Ð1911 in Honolulu, because the island of Oahu was infested by both Ae. aegypti and Ae. albopictus (Morris 1995) . Furthermore, a Dutch group produced experimental proof of yellow fever virus (YFV) replication and laboratory transmission using an Indonesian strain of Ae. albopictus (Dinger et al. 1929 , de Vogel 1930 .
Thus, at least in the early 1930s, Ae. albopictus was considered a potential YF vector; and its Þrst comprehensive geographic distribution was included in a monograph of YF mosquitoes of the world by a staff of the Rockefeller Foundation (Kumm 1931) . Furthermore, Simmons et al. (1930) deÞnitively conÞrmed the role of Ae. albopictus in the transmission of dengue in Manila. This supported an earlier preliminary report by Koizumi et al. (1916) in Taiwan. Soon thereafter, the possibility of dengue outbreak by Ae. albopictus in the United States became a concern of the U.S. Public Health Service in 1934, when a dengue outbreak in Florida by Ae. aegypti resulted in over 15,000 cases (GrifÞtts 1935,GrifÞtts and Hanson 1936) . The topics and results of the early U.S. research using laboratory strains of Ae. albopictus are brießy summarized below.
Hybridization. The early interests in this subject clearly had their origins in a few reports of successful hybridization between Ae. aegypti and Ae. albopictus by Constantin Toumanoff of the Institut Pasteur investigating in Vietnam in the 1930s. Cross mating and insemination between Ae. aegypti and Ae. albopictus or between Ae. albopictus and Ae. polynesiensis were found possible (Downs and Baker 1949; Kartman 1953; Leahy and Craig 1967; Gubler 1970a; Ali and Rozeboom 1971a,b) . However, true hybridization (both cross and backcross) with these pairs was never ob-served, even though a questionable partial success between the former pair was reported (Bonnett 1950) .
Interspecific Competition. In larval competition between Ae. aegypti and Ae. albopictus, the former species was superior to the latter (Moore and Fisher 1969) . In a cage experiment between Ae. albopictus and Ae. polynesiensis, however, the former was superior to the latter species (Gubler 1970b , Rozeboom 1971 .
Behavior and Physiology. Ovipositional behaviors of Ae. albopictus and Ae. polynesiensis were similar (Gubler 1971) . Between these two species, factors other than cross insemination sterility were found responsible for competitive displacement of the latter by the former species (Ali and Rozeboom 1971a) , and an age-dependent factor was involved in cross insemination (Ali and Rozeboom 1973) . Furthermore, it was found that an accessory substance (pheromone) was apparently released by both Ae. albopictus and Ae. aegypti when they oviposit (Leahy and Craig 1965) . Female recognition of males was found to depend on contact chemoreception (Nijhout and Craig 1971) .
Temperature, Humidity, and Longevity. At 32.2ЊC or above, longevity of Ae. albopictus was reduced, regardless of humidity; while at cooler temperatures (15.5Ð22.2ЊC) and high humidity, longevity was increased. Low humidity (30% relative humidity [RH]) was not detrimental to Ae. albopictus, despite the fact that this mosquito loses body ßuids at low humidities (Hylton 1967 (Hylton , 1969 .
Genetics and Cytology. Genetic mechanism of mutation responsible for proboscipedia and cytogenetic process of chromosome separation at anaphase II in relation to spermatogenesis of Ae. albopictus were studied (Quinn and Craig 1971, Smith and Hartberg 1974) .
Virologic Studies. Virologic investigations by the U.S. Army that began in 1933 were partly designed to gain advance knowledge for troop protection in Asia and partly to study replication of North American arboviruses in Ae. albopictus primarily for scientiÞc interests. Both dengue and chikungunya (CHIK) viruses replicated well, but a signiÞcant variation in viral replication among geographic strains of this mosquito was recognized Rosen 1976, Tesh et al. 1976) . CHIK, West Nile, and western equine encephalomyelitis viruses were transmitted by this mosquito to laboratory animals (Simmons et al. 1936 , Philip and Smadel 1943 , MangiÞaco 1971 . Transovarial transmission experiments of bunyaviruses (Cache Valley, LA Crosse encephalitis, Arumowot, and Itupiranga viruses) and a rhabdovirus (VSV-Indiana) revealed that La Crosse encephalitis virus was transmitted to 2.7% of the F 1 generation, but other viruses were not vertically transmitted (Tesh and Gubler 1975) . Orungo virus (an orbivirus) replicated in Ae. albopictus, but the infected mosquitoes did not transmit virus to mice (Tomori and Aitken 1973) . Venezuelan equine encephalomyelitis virus and Japanese encephalitis virus did not replicate well in this mosquito (Corristan et al. 1954 , Lamotte 1960 . Ae. albopictus was used for investigating YFV replication at the Rockefeller Institute of Medical Research in New York, but the results were not published. Lymphocytic choriomeningitis virus (not an arbovirus) replication in Ae. albopictus was investigated primarily to rule out the vector-borne mode of transmission of this arenavirus (Milzer 1942) .
Parasitologic Studies. Avian malaria was a highly popular subject for research before 1970. Ae. albopictus was found to be a suitable host for Plasmodium lophurae, Pl. gallinaceum, and Pl. fallax (Laird 1941; Trager 1942 Trager , 1943 Jeffery 1944; Huff et al. 1958 ), but not for Pl. berghei (Weathersby 1962a) . This mosquito was a suitable host for studying Dirofilaria immitis as well (Kartman 1953) .
Other Usages. Intrathoracic inoculation of adult Ae. albopictus was found useful for propagation of dengue viruses (Rosen and Gubler 1974) . A strain of this mosquito was maintained at the University of Notre Dame for genetic and other studies (University of Notre Dame 1961). A rearing technique for this mosquito was published in a mosquito rearing manual prepared by the American Mosquito Control Association (AMCA 1970) . A strain of this mosquito was also maintained at a laboratory of the U.S. Public Health Service (later to become CDC) for a vector identiÞ-cation practice (Pratt and Kidwell 1969) .
Field Studies. In a study conducted in Hawaii in 1965Ð1968, Ae. albopictus was found to have a broader range of habitats than Ae. aegypti (Tempelis et al. 1970) . Ae. albopictus was collected not only in artiÞcial or natural resting shelters in peridomestic environments but also in the brush. Although mammals were the principal hosts, 5.8% of females fed on birds, in particular red-footed booby (Tempelis et al. 1970) .
The ovitrap developed by Fay and Perry (1965) for Ae. aegypti was found useful for studying the ovipositional behavior of Ae. albopictus as well. Under natural conditions, females oviposited in multiple traps a few eggs per trap rather than depositing all eggs in one trap . The typical water containers of this mosquito were those associated with human activities (such as cans, pots, bottles, old tires, and cups and certain ornamental plants with large leaf axils), dwelling (roof gutters), and natural holes (tree and rock) (Usinger 1944) .
Like Ae. aegypti, the ßight range of Ae. albopictus was found to be short, with mean daily range and mean total distance of travel per life time being 4 Ð18 and 62 m, respectively (Bonnet and Worcester 1946) . Although the mosquito was found at elevation as high as at 560 m above sea level in the island of Oahu (Usinger 1944), it was rarely found at elevations above 300 m in the Island of Hawaii. While proximity to human activities (including tourism) or dwellings is speculated to be the major factor contributing to altitudinal difference in distribution in the two islands at the time of investigation, a possibility of much lower rainfall on the Island of Hawaii compared with the Island of Oahu as a limiting factor was not explored, however.
Ae. albopictus and Ae. aegypti Introduction and Infestation
For studying the history of introduction to and infestation of exotic Aedes vectors of diseases in the United States, the U.S. territories in the eastern PaciÞc and Hawaii, rather than the states along the Atlantic and Mexican Gulf coasts, provide a unique advantage, because there is a rich collection of historical documents for the former regions because introductions began more recently.
American Samoa. Exactly when the island was infested for the Þrst time by dengue vectors is unknown. However, in 1927 Ae. aegypti infestation was already recognized. In the 1930 dengue outbreak, both Ae. albopictus and Ae. aegypti were found (Hargrave 1930) . Although the U.S. Army recorded both species on the island once more in 1943 (U.S. Army Medical Intelligence Branch 1943), infestation of Ae. albopictus was not detected thereafter (Bohart and Ingram 1946) . According to a later entomologic survey by Chow (1967) , Ae. aegypti too was not found in 1965. However, it was found again in 1979 (Tesh et al. 1981) ; and thereafter has persisted. In the meanwhile, no record of Ae. albopictus has been documented since 1943. Thus, the possibility of equivocal identiÞcation of other mosquitoes, such as Ae. polynesiensis, as Ae. albopictus in the earlier studies is strong.
Saipan and Tinian. Similar to American Samoa, the early history of infestation on those islands is obscure. According to Kuwabara (1941) , Saipan was infested with both Ae. albopictus and Ae. aegypti by 1934. Tinian was found infested with these two mosquitoes in 1944 (Nowell 1980) . Thus, during World War II (WWII), Ae. albopictus and Ae. aegypti were found in Saipan and Tinian Ingram 1946, McCoy and Sabin 1955) . Thereafter, no change in the status of Ae. albopictus infestation on those islands was reported (Pashley and Pashley 1983). As for Ae. aegypti, it was not found in Saipan in 1991 (Savage et al. 1993 ). Because temporary absence followed by rediscovery of Ae. aegypti later, particularly in small island environments, has been documented multiple times in the past, it is prudent to interpret vector survey data based on longitudinal studies over a long period rather than based on a single report.
Guam. Apparently, Ae. albopictus was introduced to the island in 1944 during WWII (Nowell 1980) . However, Ae. aegypti was found as early as 1905 (Leys 1905) or 1911 (Kumm 1931) . Thus, Ae. aegypti was clearly dominant on the island by 1944. After an intensive mosquito control in this period, the population of Ae. aegypti noticeably diminished to become rare, while the extent of Ae. albopictus infestation increased considerably.
While the dramatic shift in prevalence of two species of mosquito occurred between 1945 and 1949, multiple surveys were conducted. Depending on survey, detection of Ae. aegypti was reported either present (Wheeler 1948 , Bailey and Bohart 1952 , Yamaguti and LaCasse 1956 or extremely rare or absent (Reeves and Rudnick 1951, Hull, 1952) , suggesting very low prevalence. After 1951, Ae. albopictus was abundantly found, while Ae. aegypti almost disappeared (Hull 1952 , Hu 1953 , Yamaguti and LaCasse 1956 ). Contrary to a general belief that Ae. aegypti was eliminated shortly after 1950, in two surveys conducted between 1969 and 1970, researchers still collected a very small number of specimens of this mosquito (Reisen et al. 1972) .
Midway Island. In studying the historical events during WWII concerning introduction of dengue vectors to this atoll, rapid spread of dengue associated with military engagement is considered important, in addition to the islandÕs role as a refueling stop for transpaciÞc ßights to Asia before the arrival of jet age. Records show that apparently Ae. albopictus was introduced between 1953 and 1955, because before 1953 the mosquito had not been known to exist there (Hu 1953 , Joyce 1961 , Nishida and Beardsley 2002 .
Wake Island. According to Reeves (1953) , there were no mosquitoes on the island before December, 1941 . No deÞnitive record exists of infestation of Ae. albopictus; but Ae. aegypti was apparently introduced to the island between 1941 and 1947 (Rosen et al. 1948) . The impact of a mosquito control campaign waged on this island before 1952 was not adequately assessed. Little is known if any change in mosquito fauna occurred when a refugee camp for Vietnamese was operated for 5 mo in 1975.
Hawaii. According to a record of 1884, mosquitoes had been totally unknown to the Hawaiian natives until the late 18th or early 19th century. When Culex mosquitoes were introduced there in 1826, the local natives, not Þnding a word in their vocabulary, called the newly introduced source of nuisance at night "makika." The word meant in their local language "ßies that sing in the ear" (Van Dine 1904) .
It was speculated by many that Aedes mosquitoes were introduced there either between 1826 and 1830 (Hughes and Porter 1956, Joyce 1961) or between 1830 and 1896 (Rai 1991) . Ae. aegypti infestation was recorded as early as 1892 (Joyce 1961) . According to another account, Ae. albopictus was apparently introduced shortly thereafter to Hawaii around 1902 (Usinger 1944 . Because Ae. albopictus was described by Skuse only in 1894 and because there exist multiple species of mosquito in the Ae. scutellaris complex that morphologically resemble, the true identities of the mosquitoes in the very early records remain uncertain (Usinger 1944 (Spadoni et al. 1979) .
California and the Rest of the Continental United States. The State of California enacted and began enforcing quarantine regulations as early as 1881. Still, introduction of Ae. albopictus could not be prevented, as it was detected in 1971 at a seaport in California in used tires shipped from Vietnam (Eads 1972) . Additional discovery of this mosquito was reported in 1979 (Jewell and Schoeppner 1987) . Although Ae. aegypti never truly established in this state, nonetheless, listing of specimens of this species collected in the Angel Island (in the San Francisco Bay), San Francisco, and San Diego between 1900 and 1912 (Kumm 1931 ) is intriguing with respect to possible multiple introductions (without infestation) of this mosquito by ships. At that time, the Angel Island served as a quarantine station, a major center for immigrant processing, and a military base; San Diego served as a military base and a seaport for international trade; and San Francisco served as a seaport for international trade. As for Ae. albopictus, as of May, 2012, the status of infestation of the imported Chinese strain in Southern California since its discoveries in two episodes of importation (in 2001 and 2012) remains unknown.
Ae. aegypti and Ae. albopictus have been distinguished by their distinct geographic patterns of distribution. The former is mainly found in the tropics and parts of subtropical regions. The distribution of the latter species extends from the tropical to temperate regions. While this distinction also applies to the continental part of the United States, interestingly, the distribution patterns of the two species share a geographic divide, distribution restricted to the east of the Rocky, when the pattern of Ae. aegypti in 1931 (Carter 1931 ) is compared with the geographic distribution of Ae. albopictus established nearly 15 yr after its introduction (Moore 1999) .
Transoceanic Mosquito Transport, Larval Breeding in Tire, and Tire Trade
Transoceanic transport of mosquitoes occurs either by air or by sea. The concern of introduction of YF prompted the U.S. Public Health Service to commence aircraft inspection and "disinsection" beginning Þrst in Miami in 1931 (GrifÞtts 1933 , Hughes 1949 . Survival of Ae. albopictus in unpressurized aircraft in a long transoceanic ßight was also reported in Asia (Misao and Ishihara 1945) . However, despite an impressive list of many mosquito species found in aircraft arriving in the United States between 1930 and 1947 (Hughes 1949) , because the frequency of interception of live mosquitoes has been far lower than that in ships, primarily the latter cases are reviewed below.
Frederick A. A. Skuse, a British-Australian, who described Ae. albopictus in India for the Þrst time but who died 2 yr later at the age of only 33, was one of the early biologists who had a keen interest in the role of vessels in transoceanic dispersal of mosquitoes. The objective of his interest was to understand geographic patterns of mosquito infestation based on such an artiÞcial transportation by humans (Hughes and Porter 1956 ).
According to Hughes and Porter (1956) , Ae. albopictus and Ae. aegypti were introduced to the Hawaiian islands by sailing vessels. Traditionally, in the early period, water tanks, barrels, and other water containers on board ships were the sources of mosquito breeding. Later, with the advent of modern ships these containers became less important. Then, with the arrival of the age of heavy dependence on automobiles, trucks, aircraft, and other movable equipment, used tires as the next generation of mosquito transporting containers began to emerge gradually in the minds of scientists in the Þeld as well as of quarantine ofÞcers.
Recognition of Tires as a Source of Dengue Vector Breeding. Raymond C. Shannon, a member of the Rockefeller YF investigation team in Brazil, recognized early the close relationship between mosquito species classiÞcation and speciÞc larval breeding microhabitat (Shannon 1931) . Based on his observations, he proposed a hypothesis that speciation of Aedes mosquitoes was accompanied by transition of breeding microhabitats originally from tree holes in sylvan environments to container-breeding in human-modiÞed environments, to avoid predation (Shannon 1931) . His meticulous study of artiÞcial containers used by Ae. aegypti was extensive but did not include tires in the studied areas along the Atlantic coast of Brazil, most likely because there were few abandoned tires in early days. Had he conducted his study also in the interior of Brazil, he could have found rubber products or tires as other containers, because an extensive rubber plantation of the largest U.S. automaker was located in Manaus infested by this mosquito.
Outside the United States, observations of dengue vector breeding in tires or in rubber plantation by entomologists began to appear beginning 1940s. During an entomologic survey in Liberia in 1943Ð1945, Ae. aegypti was found in tire casings (Briscoe 1952) . Although Ae. aegypti was generally distributed but found rather infrequently in Liberia, its higher prevalence observed in rubber plantations was conspicuous. It was later determined that Ae. aegypti infestation could be detected most frequently in rubber cups among several habitats examined (Rozeboom and Burgess 1962) . Ae. aegypti was found breeding in automobile tires in Angola (Ribeiro 1973) .
In Malaysia, a major producer of natural rubber, Ae. aegypti was found breeding in tires and Ae. albopictus in latex cans in rubber plantations (Macdonald 1956) . Between 1963 and 1975 , prevalence of Ae. albopictus was found much higher in rubber plantations than in palm plantations (Rudnick 1983) . In an investigation to identify the incriminating mosquitoes that caused a large CHIK outbreak in the Philippines, Ae. albopictus was found breeding abundantly in used tires (Valder et al. 1971) .
A literature survey of larval habitats amply revealed that tires were one of Ae. albopictus-positive containers in many countries in the PaciÞc, Asia, and Indian Ocean islands (Ho et al. 1973) . Thus, in Guam, Ae. albopictus was found breeding in used tires and in 50-gallon water drums, the two outstandingly mosquito-positive water containers in 1944 Ð1945 Ingram 1946, Hull 1952) . In Hawaii too, this mosquito was found in used tires loaded in vessels as well as in aircraft (Hughes and Porter 1956) .
In the United States, where use of automobiles became popular by early 1920s, an in-depth survey of literature reveals that Ae. aegypti breeding in abandoned tires had been recorded earlier than in other countries, although only a very small number of old records were listed in a recent survey (Yee 2008) . In Florida in 1934, a large number of the discarded automobile casings were found infested with Ae. aegypti in automobile-wrecking yards (GrifÞtts and Hanson 1936, King et al. 1939) . In multiple entomologic surveys of Ae. aegypti infestation in seven southern states conducted in 1958 Ð1962, used tires were found to be the most frequently positive category of breeding containers (Tinker 1964) ; and this received more careful attention during the Ae. aegypti "eradication campaign" waged until around 1970 (HaverÞeld and Hoffman 1966 , Bond and Fay 1969 , Keirans 1969 . Because abandoned tires were often found far away from urban areas, for a satisfactory survey of Ae. aegypti infestation, expanding the area of survey to cover the areas Ϸ800 m from the nearest human habitation was recommended (Schliessmann 1966) .
Tire Transport and Vector Spread. In a survey of infestation by Ae. aegypti in seaports, docks, and airports in Florida in 1957, the signiÞcance of discovery of extensive breeding of this mosquito in old tires in the dock of Key West was immediately clear to the inspectors, because Key West had been free of the YF mosquito since 1948 (Hughes and Porter 1958) . During an Ae. aegypti infestation survey in Tennessee in 1964, which found infestation in only two counties, it was noted that both infested counties (Hamilton and Shelby) had tire reclaiming business (Morlan and Tinker 1965) . Tennessee was generally considered the northern limit of Ae. aegypti infestation in the United States despite sporadic reports of transient infestation in the locations further north. Thus, the closer relationship between YF mosquito infestation and used tire trade in that state emerged far more clearly in this observation in 1964.
Recognition of the Significance of Tire Transport in Public Health. As for the public health signiÞcance of mosquito breeding in tires, Charles R. Joyce (Joyce 1961) identiÞed old tires in cargo of vessels as a threat to public health, because they hold pockets of water in which mosquito larvae survive, and eggs deposited can hatch later when conditions become suitable. HaverÞeld and Hoffman (1966) also concluded that shipment of used tires was probably the most efÞcient means of dispersing Ae. aegypti. Fred L. Soper, who made enormous contributions over two decades in the control of Ae. aegypti for the Pan American Health Organization (PAHO), stressed the importance of inspecting used tires, by displaying a photograph showing a pile of huge tires (Soper 1965 ).
Faced with a rapidly increasing problem of resistance to new post-WWII insecticides in Ae. aegypti populations, the PAHO recommended use of Paris Green for a permanent control of mosquito breeding in used tires (Kerr et al. 1964) . In Charlotte, NC, the sudden disappearance of Ae. aegypti in one section of the city was observed in 1970, after the city and local used-tire business jointly began application of oil (Flit M-L-O) to all tires brought to a trucking terminal near that section (Pratt 1971) . Because infestation in other sections of the city persisted, the author of the report partly attributed the application of the oil to the disappearance of the mosquito.
Changing Commercial Practices. As staff of the Quarantine OfÞce of the U.S. Public Health Service, Hughes and Porter (1956) accumulated a collection of fascinating accounts of interception of exotic mosquitoes brought to ports of entry in a variety of water containers. Among a variety of modes of mosquito transportation, they were speciÞcally concerned about "box-type freight cars" (one of the early models of present-day shipping containers) used to transport a large number of used tires per container more efÞ-ciently and economically. Most importantly, it was found that insecticide treatment of the tires in this "freighter cars" was far more difÞcult. Thus, they identiÞed old tires as a "more formidable enemy to mosquito control programs" (Hughes and Porter 1956) .
Public Health Education. As early as 1939, for the residents in Ae. aegypti-infested states in the south, the U.S. Department of Agriculture (USDA) advised application of larvicides in often-unsuspected types of water containers such as discarded automobile casings (Bishopp 1939 Quarantine Problems. Frequent changes of quarantine regulations and of inspection practices over time were some of the major sources of inconsistency of the qualities of the inspection program. Historically, only shortly after implementation of ship inspection for preventing reintroduction of YF to the Canal Zone and further spread to the PaciÞc was initiated for the vessels passing through the Panama Canal, the shipping industry began pressuring the Public Health Service to modify or relax it to shorten the period for inspection and passage (Grubbs 1921) . Similarly, predeparture insecticide treatment of cargoes obligated to all importers of goods from vector-infested locations to the United States in the 1940s was exempted in the 1960s for civilian contractors importing military surplus from the tropics (Eads 1972) .
In contrast to enforcement of such predeparture regulations by relying on compliance of civilian importers (but not exporters) only, the regulations and practices by the Department of Defense (DoD) for shipping home "retrograde" military materials since the Vietnam War have been direct and strict, because both exporters and importer were identical, DoD. The rigorous predeparture inspection and treatment procedure adopted by the DoD, which was designed through a close collaboration with all federal agencies involved in quarantine duties, did not require additional clearance (including customs declaration) upon arrival at the U.S. ports (Schoof and Cavagnol 1969) . Joyce, who aired his serious concern over used tire shipment in vessels by civilians, was one of the advisors assisting the DoD (Anonymous 1970) . However, the application of different quarantine rules and inspection practices among different branches of the government illustrated above was another source of inconsistency in the United States.
Faced with a hugely increased volume of international trade and limited manpower resources available, the Quarantine Service conducted spot checking at seaports and international airports (World Health Organization [WHO] 1971). For example, at international airports, allotted time for inspecting cabin and two baggage compartments per aircraft was only 10 Ð20 min and the number of available inspectors ßuctuated constantly. Thus, it was estimated that only Ϸ10% of mosquitoes in the cabin could be detected at quarantine (Evans et al. 1963 ). In addition, reßecting shift to cargo shipment and human travel by air, the number of quarantine stations at seaports, which was as many as 69 (including eight in Hawaii) at the turn of the 20th century, was reduced considerably over time. Manpower limitation was a shared problem also in the largest nationwide Ae. aegypti infestation survey conducted in 1964 in which only 1% or less of the premises in the selected communities in 11 states could be inspected (Morlan and Tinker 1965) .
Other problems, including disagreements over inspection practice among federal agencies and troubling inspection practices of the USDA were pointed out (McGregor 1973, Reiter and Sprenger 1987) . In addition, as far as exotic mosquito introduction to the United States is concerned, the procedures for disinsection of vessels, aircraft, and the perimeter of ports of entry recommended in the International Health Regulation of 1951 by the WHO (De Tavel 1967) generally did not have much impact nationwide because of a considerable variation in quarantine law and practice among states and Þrmly established status of Ae. aegypti infestation in southern states. Exceptionally, in Guam and Hawaii measures were taken to practice some of the recommendations (Nakagawa and Hirst 1959, Joyce 1961 ). In addition, in international commerce, even if a country has an adequate quarantine law, if the amount of Þne levied against law-breaking importers is negligible compared with the monetary gain in business, as in the United States, the law does not deter undesirable introduction (Reiter 2010).
The aforementioned SoperÕs concern was soon realized when he discovered that the reinfestation of El Salvador, once made free of Ae. aegypti in the elimination campaign, was caused by importation of used tires from the United States (Soper 1967 (Pratt et al. 1946) . In this episode, the cause was attributed to the failure of civilian contractor (who had acquired the military surplus materials) to fumigate cargoes properly before departure from the ports in New Guinea. At about the same time, hordes of Ae. aegypti were accidentally found in a freighter departing Noumea, New Caledonia, to a PaciÞc port of the United States carrying salvaged tire casings (Perry 1947) .
Such an account of accidental discovery strongly suggests a possibility that many ships carrying mosquito-infested cargoes heading toward United States departed tropical ports without a proper insecticide treatment. In 1972, Ae. albopictus was again found in used tires shipped from Vietnam (Eads 1972) . From another discovery of this mosquito in 1983 in a cemetery in Memphis, TN, one of hubs of international shipping of commercial goods, the speculation of international transport mechanism gained more support to explain repeated introductions of this mosquito to the United States (Reiter and Darsie 1984) .
Although used tire trade was the direct cause of the Ae. albopictus introduction to the United States in 1985, actually, this particular introduction was an unprecedented, indirect consequence of a complex ramiÞcation of international and industrial developments nobody could predict. The chain of events began when WWII broke out in the PaciÞc in 1941, disrupting U.S. import of natural rubber from tropical Asia. In response, synthetic rubber factories were quickly established, including one in the Shipping Channel of Houston. After the War, tire technology kept changing, which saw revival of the popularity of natural rubber for certain brands of tires. In the meanwhile, considerable differences in tire safety standard developed among countries. As a result, used tires with very minor wear perfectly usable in other countries (such as the United States) became unÞt by the standard of other countries (such as Japan). Availability of cheap used tires made of natural rubber still usable in other countries created an international business (Kennedy 2002 1911, 1913, 1921, 1922, and 1930 . During the 1930 outbreak, there were 2,842 cases (Hargrave 1930) . In the outbreaks in 1972 and 1975, dengue serotype 2 (DENV-2) and dengue serotype 1 (DENV-1) were involved, respectively (Singh et al. 2005) . In those outbreaks in the absence of Ae. albopictus, it was strongly believed that Ae. aegypti and Ae. polynesiensis played a major role in dengue transmission on the island.
Saipan and Tinian. Outbreaks of dengue-like illness occurred 18 times in Saipan between 1918 and 1942, although the exact etiologies were unknown (Kuno 2007) . During the dengue outbreak in 1944, Ϸ20,000 cases occurred among military servicemen in Saipan alone (McCoy and Sabin 1955) . The extent of another outbreak in Tinian at the same time was not known. In both islands, it was strongly suspected that Ae. albopictus, rather than Ae. aegypti, played a major role in dengue transmission (Bohart and Ingram 1946) .
Guam. Historically, the Þrst recognized outbreak of dengue-like illness occurred on the island in 1921, but little is known about the mosquito involved or true etiology. During the major dengue outbreak mostly by DENV-2 (or concurrently by DENV-1 as well) in 1944 (Sabin and Young 1948, Imrie et al. 2007 ), nearly 2,500 military servicemen were infected (Bailey and Bohart 1952) . To the investigators, it was clear that Ae. aegypti was responsible in this transmission. In 1975, eight cases of dengue evolved in a refugee camp for Vietnamese (Eliason 1975) . At that time, the only major dengue vector on the island was Ae. albopictus. However, most likely, all were imported cases because patients developed symptoms within 4 d or less after arrival in the absence of cases among the local residents outside the refugee camp.
Hawaii. A disease locally known as "boo-boo fever," which occurred around 1893, was speculated to be the earliest record of disease resembling dengue (Gilbertson 1945) . In 1903, an outbreak of dengue-like illness occurred. The disease was speculated to have been brought by ship passengers arriving from Hong Kong, and the outbreak resulted in 3,105 cases (Wilson 1904 , Usinger 1944 . Between 1912 and 1915, sporadic small outbreaks were recorded almost every year (Usinger 1944). The clinical syndrome observed in the outbreak in 1912 was recorded as more severe than in later years.
During WWII (1943Ð1944), a dengue outbreak occurred in Honolulu after return of commercial airline pilots from Fiji. One strain of DENV-1 was isolated (Sabin 1952) . The outbreak resulted in 1,498 cases with 3 fatalities (Wilbar 1947) . In this outbreak, as described elsewhere in this review, the Ae. albopictus population far outnumbered that of Ae. aegypti. Precise determination of the relative importance of the role played in transmission by the former species is difÞcult because of the presence of the latter species. However, it was observed that some of the clustered cases of dengue lived in premises in an isolated valley where only Ae. albopictus was found. It is further noted that in the dengue outbreak in 2001Ð2002, under the coexistence of two dengue vectors there, it was deÞnitively concluded that Ae. albopictus, but not Ae. aegypti, played a major role (Efßer et al. 2005) .
Vector Competence of Ae. albopictus in Temperate Regions. Currently, Ae. albopictus is considered a vector less efÞcient than Ae. aegypti in causing a largescale dengue epidemic; and most, if not all, available data support that assessment (Lambrechts et al. 2010 ).
Furthermore, it has been noted that, unlike in the tropics, establishment of endemic dengue transmission in temperate regions infested only by Ae. albopictus has never been reported. Thus, absence of evidence of human disease transmission by this vector in the United States thus far was used as one of the reasons cited to cancel certiÞcation requirement for imported used tires only 10 yr after implementation of the regulation in 1988 (CDC 1999) .
However, at least a few records of large dengue epidemics in Taiwan and Japan infested only by Ae. albopictus deserve mention. The Þrst two epidemics occurred in Taiwan. There, traditionally, dengue outbreaks originated in the southern region of the island infested by both Ae. aegypti and Ae. albopictus; then epidemics spread north where only the latter species was present. In the 1915 epidemic, in the northern region (including the capital, Taipei) there was no evidence of the presence of Ae. aegypti (Koizumi et al. 1916 , Kuno 2009 ). The estimated total number of patients in the capital area alone in the epidemic was Ͼ20,000 out of Ͼ100,000 symptomatic cases reported island-wide (Koizumi et al. 1916) . In another large outbreak in 1942, the morbidity in Taipei alone was 42,520 (Anonymous 1942) .
The third example of such large epidemic is multiple dengue outbreaks in Japan during WWII by DENV-1. The total morbidity in three consecutive summers in several port cities in Japan between 1942 and 44 was estimated to be two million (Sabin 1952) . Multiple entomologic investigations conÞrmed involvement of only Ae. albopictus in the affected cities and ruled out any role of a very small number of Ae. aegypti found on board one cargo ship and in an offshore island totally unrelated to the epidemics (Hotta 1998 , Kuno 2007 . It is hypothesized that a rare combination of the following three factors contributed to the dengue outbreaks of this magnitude in the temperate location.
The Þrst factor was enormous density of Ae. albopictus. During WWII, innumerous cisterns were set up in cities for ÞreÞghting in anticipation of air raids with incendiary bombs (Kuno 1995 , Kurihara 2003 . People walking streets in the daytime were met with swarms of Ae. albopictus, an unprecedented experience even for the residents long accustomed to the bite of this mosquito. In a recent autochthonous dengue outbreak exclusively by this mosquito in China, an extremely high vector density (Breteau index of 260) was implicated (Xu et al. 2007) . Thus, it is of interest to note a recent report that small size of Ae. albopictus adult females as a result of high density per habitat space was correlated with a higher vector competence for dengue virus (Alto et al. 2008) . A similar result was reported for Ae. aegypti as well (Maciel de Freitas et al. 2007 ).
The second factor was continuous inßux of a substantial number of viremic patients evacuating from dengue-endemic and war-ravaged, tropical areas by ships. Multiple accounts of civilians, soldiers, and seamen developing dengue syndrome upon returning home and subsequent emergence of clustered cases of serologically conÞrmed dengue in multiple port cities support it (Misao 1948) . It is noted that an autochthonous transmission of dengue in Ae. albopictus-infested southern France in 2010, like the 2001Ð2002 outbreak in Hawaii (Efßer et al. 2005) , occurred with a sharply increased number of imported cases in the background (La Ruche et al. 2010) .
The third factor was lack of any effective vector control. In the country at war and infrastructures of public health systems in disarray, the desperate attempt of vector control conducted during the war, including use of a predatory Þsh (Oryzias latipes), was nothing but cosmetic (Misao 1948) . Including the aforementioned outbreaks in Taiwan, in the absence of an effective vector control, these dengue outbreaks in East Asia before 1950 were essentially natural experiments. In contrast, after WWII, it became far more difÞcult to assess the dengue outbreak potential of Ae. albopictus in temperate regions, because all outbreaks have been contained quickly by vector control.
The possibility of large dengue outbreaks in temperate regions may also partly depend on subpopulation of Ae. albopictus introduced. While the differences in genetic predisposition to diapause in winter and minimal survival temperature among introduced subpopulations are important in terms of geographic dispersal, behavioral variation among Ae. albopictus subpopulations is important in terms of the human contact rate in disease transmission. For example, in parts of Malaysia, this mosquito, rather than Ae. aegypti, constitutes the majority of indoor breeding dengue vectors; and it was reported that some of the subpopulations have become nocturnal biters or found up to the sixth ßoor of high-rise apartments (Surtees 1970 , Sulaiman et al. 1991 , Dieng et al. 2010 , Wan-NoraÞkah et al. 2010 . In Kolkata, India, the indoor prevalence ratio between Ae. aegypti and Ae. albopictus was 2:1 in most of the time but shifted to 1:1 in monsoon season, enormously annoying residents because of more catholic feeding of the latter species (Tandon and Roychoudhury 1998) . In southern China infested by the two major dengue vectors, it was reported that Ae. albopictus has now become the dominant indoor vector by displacing Ae. aegypti (Wu et al. 2010) .
Among other viral diseases transmitted by Ae. albopictus, clearly CHIK has become a serious public health problem not only in tropical but also in temperate regions of the world, as recognized by an outbreak in Italy (Bonilauri et al. 2008) . Thus, recent online dissemination of the guides on CHIK for the general public by the Centers for Disease Control and Prevention and the PAHO was timely (http://new. paho.org/hq/index.php.?optionϭcom_docman&taskϭ doc_download&gidϭ16984&Itemid). According to a recent study, viral mutation facilitated increased adaptation to and transmission by Ae. albopictus (Tsetsarkin and Weaver 2011). Such a molecular approach to identify the determinants of virus-vector relationship is extremely valuable to solve the following puzzle of CHIK transmission that was pointed out earlier (Kuno 2005) . While both dengue and CHIK are transmitted by the same vectors in the tropics, the two are quite different in the establishment of endemicity. In large urban areas with a sufÞciently large human population, dengue endemicity is often established and persists; and in sylvatic environments, endemicity is maintained by sylvatic vectors with subhuman primates as hosts. However, little is known exactly where endemic foci of CHIK are and how they are maintained, except that they are somewhere in the vast areas of tropical Africa and Asia. While dengue causes persistent infections year after year in the same urban areas, outbreak of CHIK is totally unpredictable in terms of place and time. Furthermore, after causing an epidemic, CHIK disappears completely usually within 2 yr, and its long-term persistence in a given urban center has never been documented.
Other Unusual Mechanisms of Vector-Borne Disease Outbreak in Temperate Regions by Ae. albopictus or Ae. aegypti. For the control of vector-borne disease outbreaks, many countries in temperate regions have established a control strategy based on available data. Especially for dengue, however, it is prudent to prepare additionally a contingency plan by taking into consideration rare or extreme circumstances. The objective is to cover all conceivable scenarios that are normally regarded unthinkable in peacetime in the countries with adequate public health and disease control infrastructures and sufÞ-cient Þnancial and manpower resources. In fact, few could conceive only some 30 yr ago the aforementioned complex chain of events that led to the Ae. albopictus infestation in the United States. All contingency plans should be still based on science and events documented in history but not on unfounded fear.
Commercial Trade, Human Movement, and Vector Transport. It has been repeatedly documented in history that heavy trade activities and human travel have been the principal causes of introduction of exotic diseases and vectors. Numerous outbreaks of YF in temperate regions of North America and Europe were well documented. However, disease outbreaks by Ae. aegypti in temperate Asia have not been well recognized. Such was a case in the dengue outbreak in Okinawa of Japan in 1931 when Ae. aegypti brought by ships from tropical or subtropical areas caused annual summer infestation on the island where overwintering of this mosquito is unfavorable. The outbreak resulted in Ͼ35,000 cases and nearly 500 fatalities (Miyao 1931 , Kuno 2009 ). The enormous global dengue problems after WWII have their origins in the extensive, complicated pattern of human movement (civilian and military) in the PaciÞc and Asia during the War and accelerated international travel after economic recovery.
The other notable example that should not be forgotten is the 1928 DENV-1 epidemic by Ae. aegypti in Greece. The epidemic was caused by acute drinking water shortage (hence increased number of water containers used) that developed in major Greek cities, when more than a million people of Greek descent living in Asia Minor (where their ancestors had lived since antiquity) were forced to relocate as a result of Greek loss in the GrecoÐTurkish War (1919 Ð1922). The morbidity and mortality were more than one million and Ϸ1,500, respectively (Kuno 2009 , Louis 2012 ). This tragic history may appear unreal today, because Ae. aegypti and dengue endemicity mysteriously disappeared since then from the Eastern Mediterranean areas (Holstein 1967) . However, infestation of the Eastern Mediterranean area by Ae. albopictus and reinfestation by Ae. aegypti have been reported recently (Haddad et al. 2007 , Heikal et al. 2011 . In fact, small outbreaks of dengue have already occurred recently along the Mediterranean coast of Croatia and France (La Ruche et al. 2010) .
In the past 30 yr, in southern China, dengue outbreak has begun to occur in two provinces located further north (latitude 25Ð30Њ N) of the provinces traditionally known for frequent dengue transmission (below 22Њ N). One of the major causes of periodic but more frequent dengue outbreaks in these northern provinces was identiÞed as mass migration of people from rural to urban areas in search of economic opportunities created by recent economic boom (Wu et al. 2010) .
Conclusions
In conclusion, one important, domestic, public health issue brought to light in the aftermath of Ae. albopictus infestation in the United States was rapid intra-and interstate spread by transportation through highway system (Moore and Mitchell 1997) . Actually, spread of dengue vectors by ground transportation was not new to Houston, TX, the epicenter of Ae. albopictus infestation in 1985. The 1923 dengue epidemic in Texas resulted in nearly 600,000 patients statewide. In Houston, the probable source of the vector (Ae. aegypti) was traced to the wharves on the Ship Channel where several hundred Þre barrels teeming with the mosquito larvae were found. These barrels were "carried all over the city in automobiles and freight cars, etc., and furnished the initial supply that bred wherever suitable breeding places could be found" (Chandler and Rice 1923) . Coincidentally, the Ship Channel, where tire-recapping business was located, was also exactly where used tire trade was conclusively identiÞed by Reiter and Sprenger as the mechanism of Ae. albopictus introduction to Texas in 1985 (Sprenger and Wuithiranyagool 1989) .
Memphis, TN, an inland location but functionally serving like another seaport via navigable Mississippi River, is an important place in the histories of YF and of quarantine in the United States, as illustrated by the Þrst federal quarantine legislation in the United States (National Quarantine Act) in 1878. The legislation was prompted by a serious threat of YF introduction from the Caribbean. Unfortunately, in the total absence of the knowledge about the etiologic agent and vector of YF at that time, the Act could not avert the disastrous epidemic that occurred only a few months later in Memphis, claiming Ͼ5,000 lives.
Before the discovery of Ae. albopictus there in 1983 (Reiter and Darsie 1984) , Memphis had been known in the 1960s as one of the cities where infestation of Ae. aegypti could be attributed to the presence of tire reclaiming business. According to Morlan and Tinker (1965) , in Memphis "a rubber reclaiming plant was bringing in tires from over 30 cities in 12 states. Of those, 9 cities had known infestation and in two cities the tire yards shipping the tires were shown to be infested."
As revealed in this review, in the United States, scientists in many institutions began investigating Ae. albopictus in the laboratory very early in the last century. An imported strain of this mosquito was also used by the Public Health Service for a vector identiÞcation practice. Scientists, epidemiologists, and physicians also gained experience dealing with at least one exotic disease transmitted by this mosquito during repeated introductions of the vectors and dengue outbreaks in the territories in the eastern PaciÞc and Hawaii. Disease and vector control professionals devised a very elaborate program to effectively control Ae. albopictus and Ae. aegypti in urban areas during dengue epidemic in 1943Ð1944 in Hawaii (Gilbertson 1945 , Wilbar 1947 , McCoy and Sabin 1955 . Furthermore, well before 1985, entomologists and quarantine ofÞcials clearly recognized the signiÞcance of mosquito breeding in used tires and of public health threat of tire transport business; and they sent out early warning signals.
Ironically, despite these remarkable scientiÞc advancement and early awareness, somehow we still let Ae. albopictus infest. Therefore, paraphrasing the words of Pogo in Walt KellyÕs comic strip, we have met the enemy in Houston and Memphis. However, was the enemy we met the Asian Tiger Mosquito or us (we, the people)? In the Tale of Tiger, the subject is definitely no laughing matter.
